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Abstract
In superfluid helium, vorticity is quantized and constrained on line-
like phase singularities, called quantum or quantized vortices. By visu-
alizing the motion of sub-micron frozen particles in superfluid 4He, we
directly observe for the first time the helical Kelvin waves excited after
quantized vortex reconnections. We compare the data with self-similar
solutions of vortex filament models. We report the results in a fluid
dynamic video.
In superfluid helium, vorticity is quantized and constrained on line-like
phase singularities, called quantum or quantized vortices. The evolution of
a tangle of these topological defects is called ‘quantum turbulence’ [1]. A
recent technique [2] allows us to visualize the dynamics of quantized vortices
in superfluid 4He using micron-sized frozen particles, created by injecting a
gaseous helium-hydrogen mixture above the lambda transition. The tracers,
trapped on the vortex cores because of a Bernoulli pressure gradient, are il-
luminated with a laser-sheet and imaged with a CCD camera. In particular,
this technique allows us to directly characterize quantized vortex reconnec-
tion [3], and to clearly distinguish classical and quantum turbulence [4].
Using a new technique to create sub-micron sized frozen particles directly
in the superfluid state, we directly visualize for the first time the helical
waves excited after a reconnection event. These waves, named after the
pioneering work of Kelvin [5], have been studied in different flow phenomena
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Figure 1: Sequence of images of a wave event captured at 54 frames per
second at a temperature of 1.98K
like trailing wakes and tornadoes, and are understood to be involved in
quantum turbulence dissipation in the vanishing viscosity, zero-temperature
limit. [6].
Figure 1 shows a sequence of images of one of these waves captured at
54 frames per second at a temperature of 1.98K, where the circles highlight
the particles trapped on the vortex line. The evolution of the vortex shape
compares well with the self-similar solutions of vortex filaments models.
In particular we compare the data with the local induction approximation
(LIA) [7] as well as the fully non-local Biot–Savart equations [8] with a
phenomenological damping term. More details are available in [9].
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